INTRODUCTION
The kinetic behavior of the acfive potassium influx in the human red blood cell is such that it suggests that potassium is simultaneously required at two external sites before transport occurs (1) . In terms of the kinetic formulation previously presented, it is not possible to determine from the kinetic behavior of the system nor from the competitive effects of univalent cations whether the two sites are identical in their characteristics, or whether they possess properties by which they can be distinguished (2) . We thought it of interest to Dr. John R. Sachs' present address is the Department of Hematology, Division of Medicine, Walter Reed Army Institute of Research, Washington, D. C. Dr. Sachs performed this work during the term of an advanced research fellowship of the American Heart Association.
Received for publication 25 July 1967 and in revised form 16 November 1967. determine whether the behavior of the system in the presence of inhibitors is consistent with the two-site hypothesis. It also seemed possible that inhibitors might be found which would affect one of the sites and not the other, and therefore enable one to distignuish the sites by means of the kinetic behavior of the system in the presence of the inhibitor. Cardiac glycosides and aglycones have been extensively utilized as inhibitors of active cation transport in the human red blood cell since the discovery of their transport-inhibiting effect by Schatzmann (3) . Glynn (4) presented evidence that the presence of extracellular potassium competes with the effect of the drug. Hoffman (5) has shown that competition between extracellular potassium and the effect of the cardiotonic steroids appears to result from the prevention by potassium of the binding of the drug to the membrane sites at which it elicits its effect. It seemed possible that only one of the two potassium sites might be involved in the competition with the drug effect, and it therefore could be distinguished from the other.
Ethacrynic acid, a new diuretic (6) , has been shown by Hoffman and Kregenow (7) to inhibit sodium outflux in red blood cells when this agent is superimposed on cardiac glycoside. They refer to this as Pump II (in contrast to Pump I which is defined by the inhibition induced by glycoside alone). This particular operational description is now known (8) not to be dependent on the sulfhydryl activity of ethacrynic acid. As will be evident. the studies reported here concern an effect of ethacrynic acid alone and is not to be confused with so-called Pump II. We have found that the drug inhibits the active potassium influx, and demThe Journal of Clinical Investigation Volume 47 1968 onstrates competition with potassium. In the case of this drug, too, the competition with potassium appears to reflect inhibition by potassium of the binding of the drug to the site at which it exerts MK-870, a new diuretic consisting of a substituted pyrazine ring to which a guanidine grouping is attached, also behaves kinetically in a manner similar to that of the cardiotonic steroids and ethacrynic acid. The drug is, however, a weak inhibitor of the active transport process at concentrations which can be attained, and the mechanism of inhibition is not clear.'
METHODS
The solutions used, the manipulation of the cells, and the methods employed for determination of the unidirectional fluxes were as previously described (1) . In the experiments employing ethacrynic acid and MK-870, the active potassium influx (1MK') was taken as the difference between the potassium influx ('MKT) in cells whose energy stores had, after a period of starvation, been restored by exposure to 3 mm adenine, 10 mm inosine, and 9 mM glucose, and the potassium influx ('MKL) in starved cells to which strophanthidin at a final concentration of 10' mole/liter had been added. Neither ethacrynic acid nor MK-870 at the concentrations used caused any increase [Ko]
FIGURE 2 a The reciprocal of the active potassium influx ( IM P vs. the reciprocal of the extracellular potassium concentration The data are from the same experiment as are the data plotted in Fig. 1 in the passive potassium influx ('MKL). In the experiments in which the effect of strophanthidin was investigated, the active potassium influx was defined as the difference between the potassium influx in the absence of strophanthidin (or in the presence of a low strophanthidin concentration) and the potassium influx in the pres-ence of a concentration of strophanthidin which produces maximal inhibition (10-' mole/liter). Since strophanthidin does not completely inhibit the active potassium influx even at maximal concentrations, it seemed reasonable to consider as the base line only that proportion of the influx that is sensitive to strophanthidin. Ethacrynic acid was added to the appropriate flasks as an ethanol solution, and MK-870 was added without the use of a carrier. Cellular ATP concentrations were measured as previously described (9) . All experiments were performed three times with similar results.
Theoretical calculations. The active potassium transport system in the human red blood cell can be adequately described by a model of the form [1] : Cells were preincubated for 1 hr only in the presence or absence of 10-3 M ethacrynic acid, and then the cells washed and the active potassium influx determined in the presence or absence of cysteine. Solution in which the measurements were made was of the same composition as that described in Table I . The ratio of the "rate constant" of active potassium influx determined in cells preincubated in the presence of ethacrynic acid to the "rate constant" of active potassium influx determined in cells preincubated in the absence of ethacrynic acid is presented. The experimental procedure is described in the text. Solution in which the measurements were made was of the same composition as that described in The value of the active potassium influx at each concentration of ethacrynic acid was divided by the value of the active potassium influx in the absence of ethacrynic acid; the mean and range of three determinations are given. The solution in which the measurements were made was essentially the same as that described in Table I. where X is a component or interrelated components of the active transport system, present in limited quantities, and requiring the presence of two potassium ions simultaneously before transport occurs; Ko is extracellular potassium; and K1 is intracellular potassium. 'MKP (the active potassium influx) = k8 [X2K], and ks is assumed to be so much less than the other rate constants that reactions 1 and 2 are at equilibrium. Then the relation between the active potassium influx and the extracellular potassium concentration is:
MKP =+ I ba c ' [4] [K] + 
RESULTS
Effect of strophanthidin. Fig. 1 represents the relation between the active (strophanthidin-sensitive) potassium influx and the extracellular potassium concentration in the absence of strophanthidin and in the presence of two low concentrations of strophanthidin; Fig. 2 is a plot of the reciprocal of the active potassium influx vs. the reciprocal of the extracellular potassium concentration from the data from the same experiment. It can be seen that at neither concentration of strophanthidin was the value of the constant term increased; at both concentrations the coefficient of the term in I/[KK.] was increased, and at both concentrations the coefficient of the term in 1/[K0]2 was increased to a greater extent.
Effect of ethacrynic acid on the active potassium influx. Table I lists the results of three experiments in which active potassium influx was measured in solutions which were identical except for the presence or absence of ethacrynic acid and of cysteine. It can be seen that ethacrynic acid markedly inhibits the active potassium influx, but that addition of cysteine to the solution containing ethacrynic acid before the addition of the cells eliminates the ethacrynic acid effect. established, cannot be reversed by concentrations of cysteine which will neutralize 8 x 104 mole/ liter ethacrynic acid. The effect of ethacrynic acid, once established, seems to be essentially irreversible.
In Table III are presented the results of an experiment designed to determine whether the interaction of ethacrynic acid with the active transport system is inhibited by potassium. Cells were incubated for 1 hr at 370C in either buffered sodium chloride or potassium chloride solutions, and in either the presence or absence of ethacrynic acid at a concentration of 5 X 10-6 mole/liter. The cells were then removed, washed in sodium chloride solution, and the "rate constant" of the active potassium influx, 1kKp, determined. ('kKp is the number which, when multiplied by the extracellular potassium concentration, will yield the value of the active potassium influx.) The value of 1kKP, determined in cells preincubated in sodium chloride solution in the presence of ethacrynic acid, was divided by the value of 1kKP determined in cells preincubated in sodium chloride solution in the absence of ethacrynic acid, to yield a measure of the fraction of the influx which was not inhibited by ethacrynic acid. Similar calculations were performed for the determinations in the cells preincubated in the potassium chloride solution. It can be seen that the fraction remaining uninhibited by ethacrynic acid is greater in the cells exposed to ethacrynic acid in the presence of high concentrations of potassium. Potassium appears to interfere with the binding of ethacrynic acid to the transport system. Table IV presents the results of experiments in which the active potassium influx was measured at two potassium concentrations and at varying concentrations of ethacrynic acid. It is seen that the fraction which remains uninhibited at any ethacrynic acid concentration is less at the low potassium concentration than at the high. [KO] In order to be certain that the inhibitor is not exerting its effect by interfering with cell metabolism, an experiment was performed in which the cells were incubated in the presence of ethacrynic acid under circumstances similar to those under which the potassium influx was measured. Table V represents the results of three such experiments; it is seen that incubation in the presence of ethacrynic acid does not lead to depletion of cellular ATP.
Effect of MK-870 on the active potassium influx. [Ko] 
DISCUSSION
In terms of the model presented in the theoretical section, the inhibitors might react with the transport system in the form X, XK, or X2K. Hoffman has shown (5) that the interaction of the cardiotonic steroids with the transport sysem is inhibited by extracellular potassium, and from the results presented here, the same condition seems to obtain in the case of ethacrynic acid; therefore, the rates of reaction of inhibitor with X, XK, and X2K might be different. In the case of both drugs, the interaction of the inhibitor (I) with the system seems to be irreversible. This may be represented [7] [8] [Ko0] Combination of I with the transport system in any, of its forms may be assumed to render the system inoperable in the transport process. Although combinations of the form XI + K -> XIK might occur, such combinations would not alter the number of units of the system in the functional form.
Since the reactions will take a finite time to occur, the concentration of the transport system-inhibitor complexes at anytime, t, will be given by:
[XI] = k'[IjJ[X]t [9] [ proportional to the concentration of the form of the transport system (X, XK, or X2K), the concentration of the inhibitor, and the time. Implicit in the formulation is the assumption that the inhibitors are reacting at a site other than the potassium-sensitive sites, i.e., that any effect of potassium on the rate of binding of the inhibitor is an allosteric one. The relative values of the rate constants (kl, k21, k.1) will depend on the relative affinity of the inhibitor for the unreactive transport system (X), for the transport system reacted with with one potassium ion (XK), and for the transport system reacted with two potassium ions (X2K).
Assuming that the rate of reaction 3 is so much less than the rates of reactions 1 and 2 that reactions 1 and 2 are at equilibrium, the value of the active potassium influx at any time, t, in the presence of inhibitor will be: This would indicate that the inhibitor reacts least rapidly with X2K, more rapidly with XK, and most rapidly with X. The effect of MK-870 was too slight at concentrations at which the drug was soluble to determine whether the same mechanism was operative in the case of this agent.
The requirement for the simultaneous presence of two potassium ions to activate the transport system is assumed in the formulation of the model presented in the theoretical section; relations derived from this model fit the observed sigmoid curve generated when the active potassium influx is plotted against the extracellular potassium concentration (1) . The sigmoid character of the curve is accentuated in the presence of inhibitors. We have not, however, been able to find a model which will predict the observed curves on the basis of an inhibitor interacting competitively with a system displaying classic Michaelis-Menten kinetics; Glynn (4) has reported a similar inability to fit a curve based on such a model to the plot of the potassium influx vs. the extracellular potassium concentration in the presence of low concentrations of scillaren. In terms of the theoretical formulation, it does not appear possible to distinguish between the two potassium-sensitive sites on the basis of the kinetic behavior of the system in the presence of strophanthidin or ethacrynic acid. The results obtained seem to fit the situation in which the combination of one potassium ion with the transport system reduces the affinity of the system for the drug to some extent, and the subsequent combination of a second potassium ion further reduces the affinity of the system.
